C hronic conditions are the most common problems in health care and the leading causes of death globally. 1 Acute communicable diseases have given way to chronic conditions such as arthritis, diabetes, and cardiovascular and respiratory diseases that will impose an even greater burden in the future. 2 The needs of patients with these diseases are usually complex and are challenging to manage. For this reason, many chronic disease prevention and management (CDPM) programs have been designed with the aim of improving outcomes in these patients. CDPM programs targeting diabetes, 3-7 asthma, 8,9 heart diseases, [10] [11] [12] costs, adherence to medication, disease control, use of health services, quality of life and mortality. However, these studies were conducted in different settings and were based on single diseases.
1
Acute communicable diseases have given way to chronic conditions such as arthritis, diabetes, and cardiovascular and respiratory diseases that will impose an even greater burden in the future. 2 The needs of patients with these diseases are usually complex and are challenging to manage. For this reason, many chronic disease prevention and management (CDPM) programs have been designed with the aim of improving outcomes in these patients. CDPM programs targeting diabetes, [3] [4] [5] [6] [7] asthma, 8, 9 heart diseases, [10] [11] [12] depression, [13] [14] [15] chronic obstructive lung disease (COPD), 16, 17 obesity, 18, 19 kidney disease, 20 dyslipidemia, 21 hypertension 22 and chronic pain 23 have been shown to be effective in improving outcomes such as hospital admissions, costs, adherence to medication, disease control, use of health services, quality of life and mortality. However, these studies were conducted in different settings and were based on single diseases.
Interventions oriented toward single diseases take little account of the multiple morbidities experienced by most patients in primary care. To date, the appropriateness of using Integration of chronic disease prevention and management services into primary care: a pragmatic randomized controlled trial (PR1MaC) multidisciplinary professionals in the context of CDPM programs addressing several conditions has been scarcely studied; however, a few studies have reported mixed but promising results. [24] [25] [26] We introduce a pragmatic innovation involving the adaptation and integration of CDPM services for multiple diseases into the primary care setting and propose an innovative combination of strategies to evaluate the effects and the implementation of this intervention in primary care practices. We wanted to test whether it was possible to implement an intervention integrating multiple disease-oriented CDPM services into the primary care setting. We hypothesized that patients receiving the intervention would report better self-management, empowerment and self-efficacy and would show reduced health-risk behaviours. 27 
Methods

Settings
We conducted our study (Adaptation, implantation et évalua-tion d'une intervention d'intégration des services de réadapta-tion en maladies chroniques aux soins de 1re ligne [Adapting and integrating chronic disease prevention and management services into primary care settings], PR1MaC) in 8 primary care practices in the Saguenay region of Quebec, Canada. Primary care physicians in Quebec mainly work in 2 types of organizations: Group practices (involving a group of primary care physicians working in a team) and Family Medicine Groups (new organizations in which primary care physicians work with nurses in various degrees of collaboration and share the same patients and medical files). Four Family Medicine Groups and 4 solo practices were selected based on geographic localization in the same region and on the population of patients they are serving. The purpose was to ensure a certain level of variation in the cohort.
Participants
Patients were referred to the research team by their primary care providers to assess eligibility, obtain informed consent and receive the intervention. Patients had to be between 18 and 75 years of age and present with at least 1 of the following chronic conditions or risk factors: diabetes, cardiovascular disease, COPD, asthma, tobacco smoking, obesity, hyperlipidemia, prediabetes, sedentary lifestyle or any combination of these. Patients were required to be fluent in written and spoken French. All study documents and tools, including questionnaires and interview guides, were developed in French.
Intervention
Detailed information on the intervention has been published elsewhere 27 and is also provided in Appendix 1 (available at www.cmajopen.ca/content/4/4/E588/suppl/DC1). The principles guiding the intervention were based on self-management support and health education, a patient-centred approach, motivational approach and interprofessional collaboration. For each patient, the intervention started with a preliminary clinical evaluation by a trained nurse. The nurse then designed an individualized intervention plan in collaboration with the patient that could include encounters with 1 or more CDPM professionals in the following disciplines: nursing, physical activity, nutrition, respiratory therapy and smoking cessation therapy. The intervention plan was based on the patient's objectives as identified at the first encounter but could be further adapted by any professional in each discipline involved. Fidelity to the processes was ensured by regular contact with the CDPM professionals. Each intervention was supported by printed information and other educational material to help maintain patient engagement between visits. Intervention at the patient level was individualized and educational in nature, was given over a 3-month period at the most and consisted of at least 3 individual encounters with trained CDPM professionals. Interventions were done by CDPM professionals who were recruited and trained by the research team and travelled from 1 organization to the other to deliver the services.
Study design
The effectiveness of this pragmatic intervention was assessed using a combination of 3 experimental designs.
Pragmatic randomized trial
Participants reported sociodemographic data and completed an initial set of questionnaires at baseline. Patients were then randomly assigned to receive an immediate (intervention group, group A) or delayed intervention (control group, group B) that occurred 3 months after baseline. To prevent selection bias, a rigorous randomization process with allocation concealment was followed. To generate a random allocation sequence, 2 people unrelated to the study prepared sealed and unmarked opaque envelopes containing cards with either a letter A (intervention) or B (control) in equal numbers. Envelopes were shuffled several times to generate a random sequence of assignments. A research assistant was responsible for the random group assignment of patients. To prevent subversion of the allocation sequence, every time the research assistant received a baseline questionnaire completed by mail, he called the patient, opened 1 envelope to notify the patient of their allocation to a group, and wrote the information in the patient's file. Blinding was not achievable, because both patients and health care providers knew who was involved in each group. Three months after baseline, patients in both groups completed a second evaluation (Figure 1 ).
Before-and-after design
To document the effectiveness of the intervention at 1 year, patients in the intervention group were reassessed a third time using the same measurement tools (Figure 1 ).
Controlled before-and-after design
We also used a controlled before-and-after design with a comparative cohort used to evaluate 1-year effectiveness. All patients who received the intervention (immediate and delayed) were included in this analysis. The control cohort (group C) was from the Program of Research on the Evolution of a Cohort Investigating Health System Effects (PRE-CISE) research program. 28 The PRECISE program recruited a cohort of adults aged 25-75 years who were followed for 4 years with no intervention. The target population was community-dwelling adults undifferentiated by disease, who did not have any major cognitive impairment and were able to respond to written and oral questions in English or French. Participants were randomly selected from the geographic boundaries of 4 regions of Quebec. Patients from this observational cohort (2198 participants) were pair-matched with all patients in our study (intervention and control groups) by age (± 5 yr), sex, number of chronic diseases, main diagnosis and other diagnoses when possible. Groups were compared on the basis of changes over 1 year (Figure 1 ).
Variables and outcome measures
At baseline, we collected participant sociodemographic data including sex, age, education, income, marital status and occupation in French. We also measured the illness burden using the Disease Burden Morbidity Assessment tool. 29, 30 We evaluated the primary outcome, self-management, using the Health Education Impact Questionnaire (heiQ), 31, 32 which provides a broad profile of the potential impacts of patient education interventions and is specifically designed to be applied across a large range of chronic conditions. The heiQ measures 8 different domains related to self-management. Each domain is standardized to range from 1 to 4, and baseline and follow-up data are compared to determine the achievement of meaningful changes in each domain. The questionnaire has high construct validity and good reliability. 32 The development and validation of the heiQ, including the French version, has been described previously. 32, 33 Secondary outcomes used to assess the effectiveness of the intervention were self-efficacy, health-related quality of life, psychological distress and lifestyle factors. We evaluated selfefficacy using the Self-Efficacy for Managing Chronic Disease 6-Item Scale.
34,35
Lost to follow-up n = 5 We measured health-related quality of life (HRQoL) using the 12-Item Short-Form Health Survey (SF-12 version 2). 36 The measurement includes the components of physical functioning and mental health. We also calculated a preferencebased single index of quality of life (6-dimensional health state classificaton, SF-6D) by applying a scoring method that contains 6 dimensions of the SF-12 (version 2). 37 Higher values indicate better health status in all measures of HRQoL.
We assessed psychological distress using the Kessler Psychological Distress Scale (K6). 38, 39 Scores range from 0 to 24; we considered scores of 13 or higher as indicating the presence of psychological distress.
Finally, we used 3 self-reported lifestyle indicators: fruit and vegetable consumption, physical activity and body mass index (BMI) derived from self-reported weight and height. The criteria for classifying participants as achieving recommended behavioural targets were the following: consumption of 5 portions or more of fruit and vegetables daily (1 portion = 4 oz or 125 mL), being physically active (20-30 min of exercise 4 times/wk) and normal BMI (18.5-24.9 kg/m 2 ). 40 All the above outcomes were measured at baseline, after 3 months and after 1 year via self-report.
Sample size and statistical power
We calculated the required sample size 326 participants for the randomized clinical trial for the main outcome (the percentage of patients who improved as measured by the heiQ) with a 2-sided α = 0.05 and 80% power, and we accounted for a drop out rate of 15%. We estimated that an effect size of 0.34 would be detectable for continuous scores.
Data analysis
Randomized trial
To evaluate meaningful individual changes in the heiQ domains, we used the classical Jacobsen and Truax Reliable Change Index, with a cut-off point greater than 1.65. 41 To determine that a change was meaningful, we corrected each individual difference in score on each domain by dividing the difference by the standard error (SE) of the difference. If the corrected difference exceeded the 1.65 threshold, we considered this difference meaningful (reliable). The cut-off point of greater than 1.65 is equivalent to a probability of 10% of an approximately equal balance between errors in the direction of classifying a participant as "reliably changed" when the observed change was actually because of error, and errors in the direction of classifying an individual as "not changed" when the observed change was actually reliable. For each of the 8 domains of the heiQ, we compared the percentage of subjects with a reliable improvement in each group (intervention v. control) using relative risk (RR) with a 95% confidence interval (CI). Primary analysis used intention to treat.
To evaluate intervention effects on quantitative outcome, we compared the scores of the intervention and control groups after 3 months with an analysis of covariance (ANCOVA) adjusted for baseline scores. 42 Unstandardized (differences between means with 95% CI), adjusted and standardized (Cohen's effect size d) differences between means are also reported. For dichotomous outcomes, we compared intervention and control groups using a logistic regression analysis adjusted for baseline and report odds ratios (ORs). We undertook a complete case analysis because there were only a few missing outcomes after 3 months (< 5%). 43 
Before-and-after design
To test the effectiveness of the intervention within the intervention group over 1 year, we used the paired t test for continuous variables and the McNemar test for categorical variables.
Controlled before-and-after design
For comparisons with group C (PRECISE) over 1 year, we used ANCOVA or logistic regression analysis and adjusted for scores at baseline.
We used IBM SPSS Statistics 20 for all data analyeses. In all statistical tests, we tested for significance at the 5% level. Cohen's d effect size 44 was calculated with Microsoft Office Excel 2007 using the pooled standard deviation (SD) for the samples in the calculation.
This study received ethics approval from the Research Ethics Board of the Centre de santé et de services sociaux de Chicoutimi. Table 1 shows the baseline demographics and clinical characteristics of participants for each group. Among patients in the intervention group, mean time for the intervention was 220 (SD 77) minutes and a mean of 2.4 (SD 1.2) visits with CDPM professionals (range 0-5 visits; there were patients who had encounters with more than 1 CDPM professional).
Results
Randomized trial
The recruitment and follow-up started in November 2011 and ended in July 2012. A total of 481 eligible patients were referred by primary care providers; 144 patients received the intervention but refused to participate in the research. All patients were contacted to reassess their eligibility, to discuss the study and to obtain their informed consent if they agreed to participate in the study. Patients who refused to participate received the intervention offered by their primary care provider (Figure 1 ), but they were not included as particpants. Of the 337 patients who initially agreed to participate, 5 declined before completing the baseline questionnaires. The remaining 332 patients were randomnly assigned (166 to the intervention group and 166 to the control group). The number of participants from each practice ranged from 9 to 80. Nine patients from the intervention group and 5 patients from the control group were lost to follow-up after 3 months. Therefore, 157 patients from the intervention group and 161 patients from the control group underwent the evaluation after 3 months.
Scores for heiQ in the intervention and control groups at baseline and after 3 months are shown in Table 2 . Mean absolute values after 3 months were significantly different from baseline in 6 of the 8 domains of heiQ: health-directed behaviour, emotional well-being, self-monitoring and insight, constructive attitudes and approaches, skill and technique acquisition, and health service navigation. Figure 2 shows the relative risk of a reliable improvement from baseline to 3 months in the intervention group compared with the control group for each domain of self-management. Point estimates varied from 1.15 to 2.4, and the lower boundary for 95% CI was greater than 1 in the same 6 domains of heiQ in which mean absolute values were different from baseline after 3 months. The number of participants used to calculate the percentage of patients who had a reliable improvement in heiQ score in the 2 groups is shown in Appendix 1.
For the other continuous variables ( Table 3 . The intervention group had significantly higher ORs for fruit and vegetable consumption, and physical activity. Before-and-after design A summary including the results for all variables of the beforeand-after design for participants from the intervention group is shown in Table 4 . The analysis included only those participants with data at baseline, after 3 months and after 1 year. After 3 months, changes in all domains of the heiQ were significantly different from baseline, with an effect size ranging from small to medium (between 0.20 and 0.52). After 1 year, changes continued to be significantly different from baseline except for the health service navigation domain. Figure 3 shows the changes in each domain of the heiQ over one year. The percentage of patients in the Intervention group who improved in different domains was between 16% (23/143) and 36% (50/140).
Controlled before-and-after design
We matched the 332 participants in this study with 332 particpants in the PRECISE (control cohort, group C) study by age, sex, number of chronic diseases, main diagnosis and other diagnoses when possible. Demographic and clinical characteristics of group C and PR1MaC participants at baseline are shown in Table 1 . Results over 1 year, with significant differences in the Physical Component Summary and BMI that favour the intervention, are shown in Table 5 .
Interpretation
As part of the intervention in this study, we adapted and implemented the integration of disease prevention and management services into primary health care for 4 chronic conditions and their risk factors. After 3 months, the intervention showed some benefit in 6 out of the 8 domains of self-management measured by the heiQ, both in terms of absolute mean values and RR analysis, compared with the control group. However, the percentage of patients in the intervention group who improved in different domains varied between 16% and 36% (i.e., they were not the majority in any domain). Our interpretation of this is that there is still room for improvement and making the intervention more effective. Recently, Coventry and colleagues 45 published the results of a cluster randomized controlled trial for patients with depression and comorbid diabetes or cardiovascular disease in which the heiQ was used as a secondary outcome. As in our study, Coventry and colleagues did not observe significant improvement in the domains of positive and active engagement in life, and social integration and support. The evaluation of secondary outcomes in our study also showed modest but beneficial effects of the intervention in fruit and vegetable consumption, physical activity and the physical component of quality of life. In general, after 1 year, improvements were still present. BMI showed a modest but significant improvement after 1 year. Psychological distress did not change. This lack of change could reflect either that the length of the interventions was too short or that the elements behind this situation were not among those targeted by the intervention. The prevalence of recommended physical activity significantly improved at 3 months but decreased over 1 year to a level equivalent to baseline. This may indicate a Note: ANCOVA = analysis of covariance, heiQ = Health Education Impact Questionnaire, SD = standard deviation. *Mean difference = mean score at 3 mo -mean score at baseline. †Mean difference = adjusted mean after 3 mo (intervention) -adjusted mean after 3 mo (control). ‡ANCOVA was used to compare scores after 3 mo, adjusted for baseline.
need to reinforce the message at follow-up. A recent systematic review and meta-analysis reported that interventions to promote physical activity lead to improvements in physical activity at 12 months. 46 Longer sustainability was unclear. 46 The score for self-efficacy for managing chronic disease showed no significant difference between intervention and control groups. A closer look at the results of this variable showed that mean values were high at baseline in both groups, with little room for improvement. The statistically significant improvement observed in the physical component of quality of life of the experimental group was of limited clinical importance. 47 Other studies of multidisciplinary specialized professionals have been conducted in the context of single conditions, includ- Note: CI = confidence interval, Fruit and veg. = recommended fruit and vegetable consumption, OR = odds ratio, Phys. activity = recommended physical activity, Psy. distress = presence of psychological distress. ing COPD and asthma, 16, 48 metabolic syndrome, 49 kidney failure, 20 diabetes, 50 blood pressure control 51 and people with risk factors. 52 Interventions were based on different approaches, mainly self-management support and patient education. The outcomes used varied from study to study and included the use of health care services, quality of life, various physiologic indicators and modification of risk factors. All of the studies reported positive results in their respective outcomes.
RR (95% CI)
Limitations
The main limitation of the study is the short period for follow-up for the RCT component. With a 3-month intervention to start behaviour change, the challenge was to make it sustainable over time. For this reason, follow-up responsibility was given to primary care physicians by transferring all information to the patients' medical records at the end of each intervention. Generalization of the results may be limited given the study eligibility based on selected conditions (type 2 diabetes, cardiovascular disease, COPD and asthma) or risk factors (smoking, obesity, hyperlipidemia, carbohydrate intolerance and metabolic syndrome). Other factors, such as cultural context and ethnicity, were not evaluated and could also limit generalization. Two additional limitations are no information was collected about health literacy, and we could not control the self-reported data for this variable.
The use of patient self-report questionnaires for outcomes may have introduced some desirability bias, but it is consistent with the use of a patient-centred approach. We acknowledge that participants could not be blinded to the intervention, and desirability bias could explain part of the changes observed in the immediate intervention group. In addition, the similar results in the triple experimental design suggests that they are not a consequence of desirability bias. Finally, one-third of the total number of patients referred by primary care providers to the research team declined to participate in the research. We did not collect information from these patients. We do not know what impact of this had on the composition of the sample of participants.
Conclusion
The evaluation of an innovative intervention for adapting and integrating chronic disease prevention and management services, which addressed more than 1 disease or risk factor into primary care settings, yielded positive and promising results. This type of intervention can be improved, and its introduction in the routine of primary care practice would help to achieve the primary care goal of high-quality care for patients with chronic diseases. Contributors: Martin Fortin, Maud-Christine Chouinard, Marie-France Dubois and Martin Bélanger identified the need for this study and contributed to its conception and design. José Almirall and Tarek Bouhali conducted the data analysis under the supervision and guidance of MarieFrance Dubois and Martin Fortin. Maud-Christine Chouinard, Martin Bélanger and Maxime Sasseville also contributed to the analysis and interpretation of data. All of the authors contributed to the first draft and had full access to all of the data. All of the authors reviewed the manuscript critically for intellectual content, gave final approval of the version to be published and agreed to act as guarantors of the work. 
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